From the total Helmholtz free energy, = − '()* + ',-+ ./ − -01 + 232'4 + 678 (1) the latter three terms are expanded as follows: the fourth term in eq. 1 is the mixing entropy of free species in solution and given by where C is the location-dependent density of the mobile species. The index runs over water, L , P , L , and P molecules and G is the volume of water. The tethered polymer is immersed in an aqueous solution that is in chemical equilibrium with a reservoir of given salt concentration and pH. The Na + and Cl -ions are assumed to be completely dissociated. The fifth term in the free energy (eq. 1) is the electrostatic energy functional
where C is the location-dependent density of the mobile species. The index runs over water, L , P , L , and P molecules and G is the volume of water. The tethered polymer is immersed in an aqueous solution that is in chemical equilibrium with a reservoir of given salt concentration and pH. The Na + and Cl -ions are assumed to be completely dissociated. The fifth term in the free energy (eq. 1) is the electrostatic energy functional where Ψ is the electrostatic potential, _ is the absolute permittivity of vacuum and G is the relative dielectric permittivity of the water whose exact temperature dependence is given by G = (3. and G is the number of hydrogen bonds between A units and water, and between water and water, respectively. Because we assume each monomer can form 2 hydrogen bonds, 2 ? represents the total number of feasible monomer-water hydrogen bond pairs. Likewise, each oxygen of water can also form 2 hydrogen bonds. So, 2 G is the total number of potential water-water hydrogen bond pairs where G is the number of water molecules.
In eq. 6 the first line corresponds to the mixing entropy contribution associated with forming monomerwater hydrogen bond pairs plus the free energy gain associated with the formation of this bond (∆ { ). The next line is identical and describes the mixing entropy associated with having a water-water hydrogen bond pair plus the free energy gain associated with the formation of this bond (∆ G ). The last lines contain a necessary correction for the change that results upon formation of a hydrogen bond, as it reduces the number of available hydrogen bond sites.
Finally, the repulsive interactions between the polymer and solvent are represented through excluded volume interactions. The intra-chain interactions are considered exactly during generation of the chain conformations. This is because all chain conformations are self-avoiding internally and with the surface. The intermolecular repulsions are accounted for by assuming the system to be incompressible at every position. This is given by 
The total free energy is minimized under the constraints of incompressibility and the condition that the system is in contact with a bath of anions, cations, protons and hydroxyls. This yields the following semi-grand thermodynamic potential, W The electrostatic potential is influenced by the local polymer and counter-ion densities thus there is a coupling between the Poisson equation and these terms.
